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Conversion  of  Gullies  to  Vegetation-Lined  Waterways 

on  Mountain  Slopes 

Burchard  H.  Heede 


Principles  of  Waterways  in  Gully  Control 

The  objective  of  this  study  was  to  test  the 
effectiveness  of  carefully  engineered  and  re- 
vegetated  waterways  for  treatment  of  steep, 
gulhed  hillsides  of  a  watershed  in  the  Colorado 
Plateau  Province. 

The  control  of  gullies  is  an  old  problem. 
Two  contrasting  approaches  were  developed  in 
the  past.  One  involves  control  of  the  existing 
channel  by  check  dams,  the  other  favors  con- 
struction of  a  new  watercourse  with  reduced 
slope  gradient  and  hydraulically  inefficient  cross 
sections,  that  is,  the  wetted  perimeter  of  the 
flow  is  close  to  maximum.  Both  approaches 
change  the  flow  regimen  and  decrease  the 
erosion  energies  of  the  water. 

The  flat  cross  sections  of  waterways  favor 
the  estabhshment  of  vegetation  if  the  flows 
are  ephemeral  during  the  growing  season.  An 
effective  plant  cover  is  essential  to  success; 
without  it,  new  erosion  will  take  place. 

In  contrast,  if  check  dams  are  placed  in  a 
gully,  channel  side  slopes  remain  steep  and 
unfavorable  to  the  growth  of  vegetation  for 
some  time  after  treatment  until  the  stabilization 
processes,  induced  by  the  dams,  lead  to  more 
gentle  and  stable  gully  side  slopes. 

Thus,  vegetation-lined  waterways,  if  suc- 
cessful, will  stabilize  a  gulhed  hillside  more 
thoroughly  than  a  check  dam  system  during  the 
first  years  after  construction.  During  this 
period,  however,  the  risk  of  waterways  is 
certainly  greater  than  that  of  check  dams  be- 
cause the  estabhshment  of  vegetation  depends 
in  part  on  uncontrollable  factors  such  as  pre- 
cipitation and  temperature. 


Study  Area 

The  study  area  is  located  on  the  Upper 
Alkali  Creek  watershed  of  the  Rifle  Ranger 
District,  White  River  National  Forest,  20  miles 
south  of  the  town  of  Silt,  Colorado.  The  area 
is  part  of  the  Uinta  Basin  of  the  Colorado 
Plateau  Province,  and  comprises  about  1  square 


mile.  Elevation  rises  from  7,500  to  8,500  feet. 
The  gullies  carry  water  only  during  spring 
snowmelt  and  intense  summer  storms. 

Rocks  of  the  watershed  are  of  the  tertiary 
Wasatch  formation,  which  consists  chiefly  of 
variegated  clay  shale  and  irregular,  crudely 
bedded  sandstone.  The  sandstone  varies  from 
fine  to  coarse  grained  and,  in  places,  is  strongly 
calcareous.  In  general,  the  soils  of  the  area 
are  predominantly  formed  from  the  fine-tex- 
tured, loose,  unconsolidated  shales  with  an 
admixture  of  sand  from  beds  of  sandstone 
(Fox  and  Nishimura  1957). 

The  parent  materials  have  given  rise  to 
soils  with  clay  to  clay  loam  surfaces  and  heavy, 
plastic  subsoils.  The  average  soil  has  a  clay 
texture.  With  the  exception  of  phosphates, 
the  soils  contain  sufficient  amounts  of  the 
essential  elements  for  the  growth  of  plants 
such  as  wheatgrasses  and  brome. 

The  area  is  representative  of  the  oakbrush- 
sagebrush-grasslands  of  the  western  slope  of 
the  Rocky  Mountains  in  Colorado.  Oakbrash^ 
occupies  mainly  the  upper  parts  of  north-facing 
slopes,  while  sagebrush  and  grass  make  up 
valley  bottoms,  depressions,  and  south  aspects. 
Dominant  grasses  are  Kentucky  bluegrass  and 
western  wheatgrass.  Individual  plants  of  snow- 
berry  and  serviceberry  are  scattered  over  the 
watershed.  Cattle  have  been  fenced  out  since 
1959. 

Precipitation  is  the  only  climatic  factor 
measured  on  the  study  area.  During  the  period 
1962-65,  yearly  precipitation  averaged  18.5  inches. 
This  precipitation  consisted  mainly  of  rain  be- 
tween May  and  September,  and  snow  for  the 
remainder  of  the  year.  The  growing  season 
starts  with  beginning  of  May  after  most  of  the 
snowpack  has  melted,  and  ends  during  the  last 
days  of  August  when  the  first  night  frosts 
prevent  further  growth.  Precipitation  for  the 
growing  season  averages  only  5.3  inches,  or 
29  percent  of  the  yearly  total. 


Common    and    botanical    names    of  plants 
mentioned  are  listed  on  p.  11. 


-  1  - 


Methods 

Four  gullies  of  medium  size  were  selected 
for  treatment  (fig.  1,  table  1).  To  represent 
the  major  aspects  of  the  watershed,  the  gullies 
were  chosen  on  north,  south,  and  southwest 
aspects.  Four  gullies  with  aspects  similar  to 
those  of  the  treated  gullies  and  located  adjacent 
to  them  were  selected  and  left  untreated,  to 
evaluate  future  treatment  effects. 

Waterways  were  designed  from  plots  of  the 
field  survey  data.  The  designs  were  checked 
against  actual  conditions  in  the  field  and  changed 
if  necessary. 

When  construction  was  finished,  all  dis- 
turbed areas  were  planted  to  grass  and  re- 
surveyed  according  to  the  pretreatment  survey 


grid.  This  posttreatment  survey  disclosed  any 
discrepancies  between  design  and  construction, 
and  also  served  as  the  basis  for  the  survey  at 
the  end  of  the  study  period  in  1965.  The  cross- 
sectional  data  of  the  1965  survey  were  plotted 
on  the  cross-section  plottings  of  the  posttreat- 
ment survey,  and  volumes  of  erosion  and 
deposition  were  calculated  by  use  of  end-areas. 
Elevation  differences  between  the  posttreatment 
and  the  last  survey  of  0.2  foot  were  not  con- 
sidered significant. 

For  comparison  of  erosion  between  water- 
ways and  gullies,  it  is  necessary  to  know  storm 
intensities  and  durations,  and  if  individual 
storms  struck  treated  and  untreated  gullies 
alike.  A  network  of  precipitation  gages  was 
installed,  consisting  of  one  recording  gage  at 


Table  1.  -  -Characteristics  of  the  original  gullies  and  the  subsequent  waterways 


Water  - 
way 
No. 

Gully  depth 

Gully  width 

Length 

Gradient 

Average 

Maximum 

Average , 
bank  to  bank 

Gully 

Water  - 
way 

Increase 

Gully 

Water- 
way 

Dec  rease 

-  -    Feet    -  -  -  - 

-  -    Percent  -  -  - 

6 

2.  9 

5.  6 

13.  0 

266 

310 

17 

11.3 

10.  3 

9 

9 

3„  0 

5.  3 

12.  1 

498 

540 

8 

20.  5 

17.4 

15 

16 

5.  2 

7.6 

24.  6 

355 

392 

10 

8.9 

8.  3 

7 

18 

4.  1 

8.6 

19.  7 

5  92 

654 

10 

10.  9 

9.  1 

17 

Total  or 
average 

1,711  1,896 

1 1 

12 

Figure  1.— Gully  No.  12 
typifies  conditions  that 
existed  before  waterway 
construction. 


the  approximate  center  of  the  watershed,  and 
seven  standard  U.  S.  Weather  Bureau  gages  in 
the  proximity  of  the  gullies. 

Simple  crest  stage  gages  (Heede  1967)  were 
placed  at  the  mouths  of  both  waterways  and 
untreated  gullies  to  (1)  indicate  whether  water- 
flows  occurred  while  observers  were  not  on  the 
area,  and  (2)  to  make  possible  estimates  of 
peak  flows.  Due  to  lack  of  channel  controls 
at  the  places  of  installation,  these  estimates 
were  rough  and  should  be  considered  as  orders 
of  magnitude  only. 


Design 

The  number  of  gullies  that  met  the  general 
design  criteria  was  limited  on  the  Alkali  Creek 
watershed.     These  criteria  were  as  follows: 

1.  Place  waterway  on  undisturbed  soils  away 
from  the  fill  placed  in  the  existing  gully; 

2.  Increase  the  length  of  waterway  over  that  of 
the  original  gully  and  thus  decrease  the 
gradient  of  the  thalweg; 

3.  Design  broad,  flat  cross  sections  that  allow 
waterflows  to  spread; 

4.  Establish  as  quickly  as  possible  grass  or 
other  low-growing  vegetation  on  waterway 
and  all  other  disturbed  areas. 

Thus  to  be  suitable,  gullies  should  be  located 
on  valley  bottoms  or  smaller  topographic  de- 
pressions that  provide  sufficient  space  for  long 
and  winding  waterways.  Gully  dimensions 
should  be  small  relative  to  the  land  surrounding 
the  channel.  Otherwise  deep  cuts  into  this 
land  for  filling  the  gully  will  be  required.  The 
watersheds  of  the  gullies  should  have  relatively 
deep  topsoil,  adequate  for  spreading  over  all 
disturbed  areas  after  construction.  Excessive 
steepness  may  hmit  apphcation  of  waterways. 
On  the  study  area,  the  second  steepest  gully 
was  selected.  The  steepest  gully,  with  a 
gradient  of  29.0  percent,  was  rejected  because 
small  gullies  did  not  serve  the  pui-pose  of  the 
study. 

After  plan  and  cross  sections  of  gullies  and 
respective  drainage  areas  were  plotted  from 
field  survey  data,  waterways  were  designed  by 
a  combination  of  graphical  and  mathematical 
methods  (fig.  2). 

Formulas  and  design  procedures  for  water- 
ways that  had  been  established  empirically  by 
older  research  (Cox  and  Palmer  1948,  Ree  and 
Palmer  1949,  Chow  1959)  were  not  appUcable  to 
the  design  of  waterways  on  slopes  of  the  Rocky 


Mountains.  In  this  older  research,  grass  species 
differed  from  those  applicable  to  the  Rocky 
Mountains,  and  slope  gradients  were  gentler. 
Plants  and  gradients  both  influence  the  rough- 
ness of  flow— a  parameter  most  important  in 
flow  and  channel  stability  calculations  and  very 
difficult  to  estimate.  Thus  specific  design 
criteria  had  to  be  established  without  the  benefit 
of  previous  research.  As  a  result,  many  values 
could  be  expressed  in  qualitative  terms  only. 
The  following  criteria  were  applied: 

Fill  sections  were  not  permitted  on  the 
watercourse  itself.  Average  depth  of  cut  was 
kept  at  1.5  to  2.0  feet  to  prevent  exposure  of 
deeper  strata  of  subsoils.  Depths  of  more 
than  3  feet  were  permitted  only  where  shallow 
cuts  were  not  practical  and  where  the  soils 
were  deep.     Shaip  bends  were  not  allowed. 

Curves  were  designed  to  be  as  gentle  as 
possible,  since  neither  the  mechanics  of  bend 
formation,  nor  the  degree  of  curvature  per- 
mitting safe  conveyance  of  water  are  known. 
The  criteria  which  made  the  design  work  diffi- 
cult was  the  requirement  for  balanced  volumes 
of  cut  and  fill  materials,  after  allowance  for 
shrinkage.  Areas  covered  by  suipluses  or 
bared  by  borrow  pits  might  contribute  to  new 
erosion. 

The  length  of  the  waterways  could  be  in- 
creased over  that  of  the  gullies  by  an  average 
of  11  percent,  while  the  gradient  decreased  by 
an  average  of  12  percent  (table  1). 

Changes  in  the  longitudinal  gradient  of  the 
new  watercourse,  and  differences  between  up- 
stream and  downstream  gradients  were  kept 
small.  The  largest  difference  occurred  on  water- 
way No.  9  with  a  change  in  gradient  of  3  per- 
cent. To  avoid  a  pronounced  breaking  point, 
because  such  points  lead  invariably  to  future 
knickpoint  formation  and  a  new  gully,  a  vertical 
curve  with  a  radius  of  100  feet  was  designed 
at  the  location  of  the  gradient  change.  This 
was  also  done  at  all  other  breaking  points. 

Waterways  have  two  transition  zones:  one 
at  the  upstream  end  where  the  undisturbed 
drainage  joins  the  waterway,  the  other  at  the 
downstream  end  where  the  mouth  of  the  water- 
way discharges  the  flow  (fig.  3).  Both  places 
received  special  attention  in  the  design  to 
achieve  gentle  transition. 

Minimum  bottom  width  of  the  watercourse 
was  designed  at  12  feet  to  correspond  to  the 
general  length  of  cutting  blades  on  tractors. 
Side  slopes  of  the  watercourse  were  designed 
to  be  as  gentle  as  possible  and  not  steeper 
than  5:1.  This  limit  was  established  arbitrai'ily. 
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Figure  3. — The  former  gully  of  this  waterway 
had  an  average  gradient  of  20.  5  percent. 
Gradient  of  the  new  watercourse  is  17,4 
■percent.  Note  the  transition  zones  from 
the  undisturbed  hillside  into  the  starting 
area  of  the  waterway  and  between  mouth  of 
waterway  and  hillside. 


Gully  fills  were  sloped  toward  the  water- 
course of  the  waterway  to  prevent  concentra- 
tions of  water  that  might  saturate  these  areas, 
since  during  the  period  following  treatment,  the 
risk  of  mass  soil  movement  induced  by  water 
lubrication  is  great.  Ground  surfaces  of  gully 
fills  were  raised  about  0.5  foot  above  the  design 
elevation  to  allow  for  possible  settlements. 

Mass  curves  were  constmcted  to  indicate 
direction  and  the  shortest  length  of  transport 
for  the  earth-moving  equipment.  These  calcula- 
tions proved  very  helpful  and  timesaving  during 
construction. 


Installation 


For  a  successful  and  economic  earth-moving 
operation,  select  a  season  in  which  soil  moisture 
is  at  a  level  favoring  excavation  and  effective 
soil  compaction.  In  waterway  construction,  it 
is  also  important  to  do  the  earth  moving 
shortly  before  or  at  the  beginning  of  the 
growing  season  to  permit  vegetation  to  grow 
after  construction  is  finished.  Otherwise, 
drastic  erosion  may  take  place  if  the  soils 
become  saturated  during  several  weeks  of  spring 
melt  flows. 

Based  on  these  considerations,  the  begin- 
ning of  May  was  chosen  as  the  most  favorable 
time  for  construction.  Construction  of  waterway 
No.  6  was  unavoidably  delayed  until  mid-Novem- 
ber. It  is  beheved  that  this  unfavorable  time 
of  construction  was  the  reason  for  higher 
construction  and  maintenance  costs. 

Construction  equipment  consisted  of 
tractors   with   cutting  blades  and  sheepfoot 


rollers.  To  allow  compaction  of  narrow  fill 
areas,  it  was  advantageous  to  use  only  one 
roller,  which  could  be  drawn  by  a  lightweight 
tractor  (D-4).  ^  A  heavier  tractor  (D-7)^was 
employed  for  earth  cutting  and  filling.  The 
lightweight  tractor  assisted  the  heavier  equip- 
ment in  spreading  the  soil  on  the  fill  areas 
before  compaction.  The  construction  was  in- 
tensively supervised. 

Before  gullies  were  filled,  all  brush  growing 
on  gully  side  slopes  and  bottoms  were  removed 
by  the  tractors.  During  brush  removal,  the 
gully  surfaces  were  scarified  to  allow  an  effective 
contact  between  gully  surfaces  and  the  fill 
materials.  To  prevent  buiying  of  detached 
vegetation,  a  man  followed  the  tractor  and 
threw  all  larger  twigs,  branches,  and  roots 
beyond  the  boundary  of  the  area  to  be  treated. 

The  topsoil  was  then  stripped  from  the 
treatment  area.  The  surface  soils  were  piled 
at  several  places  surrounding  the  stripped  land 
to  shorten  the  hauls  during  piling  and  later 
spreading. 

The  main  cutting,  filling,  and  compaction 
operations  staited  at  the  upstream  end  of  the 
gully.  The  heavy  tractor  moved  along  the 
contour  lines  with  its  blade  cutting  and  trans- 
porting the  soils  into  the  gully.  The  smaller 
tractor,  with  sheepfoot  roller  attached,  spread 
and  compacted  this  material  in  the  gully. 
Volumes  of  soil  deposited  in  the  gully  at  a 
time  were  restricted  to  layers  not  thicker  than 
0.5  to  1.0  foot.  It  was  beheved  that  thicker 
layers  would  impede  the  effectiveness  of  rolling. 

^  Trade  names  and  company  names  are  used 
for  the  benefit  of  the  reader ^  and  do  not  imply 
endorsement  or  preferential  treatment  by  the 
U.  S.  Department  of  Agriculture. 
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During  the  last  phase  of  the  earth-cutting 
operations,  the  tractor  moved  along  the  aline- 
ment  of  the  waterway  for  detail  cleanup  work, 
while  the  sheepfoot  roller  was  drawn  over  the 
whole  disturbed  area.  This  rolling  scarified  the 
surface  where  the  blade  had  caused  surface 
compaction,  and  smoothed  local  surface  rough- 
ness that  would  hinder  later  spreading  of  the 
topsoil. 

Finally,  the  topsoil  was  put  back  on  the 
disturbed  area.  The  blade  of  the  large  tractor 
was  used  for  spreading;  the  sheepfoot  roller 
followed.  For  temporary  cover,  a  mixture  of 
an  annual  ryegrass  and  yellow  sweetclover  was 
broadcast  seeded  on  all  disturbed  areas  at  rates 
of  50  and  15  pounds  per  acre,  respectively.  A 
rake  was  drawn  over  the  area  to  cover  the 
seeds. 

To  establish  a  perennial  cover,  a  mixture 
of  grasses  and  clover  at  a  very  heavy  rate  of 
40  pounds  per  acre  was  applied  in  fall.  Of 
this,  60  percent  was  smooth  brome,  20  percent 
intermediate  wheatgrass,  and  20  percent  yellow 
sweetclover.  Before  planting,  the  surfaces  were 
scarified  by  a  disc  drawn  by  a  team  of  horses. 
Horses  were  used  to  avoid  vehicle  tracks,  pre- 
venting undesirable  concentration  of  runoff. 
The  mixture  was  planted  with  a  shoe-type  drill 
to  cover  the  seeds  adequately. 

How  shape  of  the  cross  sections  influenced 
erosional  processes  could  be  observed  during 
snowmelt,  when  the  vegetation  cover  was  still 
very  sparse.  Where  the  cross  sections  were 
broad  and  flat,  the  flows  spread  on  the  water- 
course and  never  attained  a  depth  greater  than 


0.3  foot.  Only  minor  rilling  occurred,  with  a 
maximum  rill  depth  of  0.05  foot.  But  where 
the  cross  sections  were  V-shaped,  even  though 
the  V's  were  very  flat,  the  flow  concentrated 
at  the  low  point  of  the  V  and  started  to  cut 
discontinuous  rill  gullies.  These  rills  obtained 
a  depth  of  0.75  foot  and  a  maximum  width  of 
1.0  foot.  The  relationship  between  the  cross- 
sectional  shapes  and  the  magnitude  of  erosion 
was  so  pronounced  that  rill  gullies  could  be 
used  as  indicators  for  V-shaped  sections. 

To  prevent  the  formation  of  continuous 
gullies  during  future  spring  melt  flows,  burlap 
checks  were  installed  at  a  spacing  of  5  feet  in 
the  fall  of  1964  on  those  parts  of  the  water- 
courses where  discontinuous  rill  gullies  had 
started.  The  checks  consisted  of  sheets  of 
burlap  folded  into  strips  approximately  0.75 
foot  wide.  Trenches,  crossing  the  watercourses 
at  right  angles,  were  dug  with  a  plow  pulled 
by  a  team  of  horses.  The  strips  were  placed 
in  these  trenches  so  that  0.2  foot  remained 
above  ground  level  (fig.  4).  Then  the  trenches 
were  filled  and  grass  was  sown  on  the  dis- 
turbed areas.  These  burlap  checks  prevented 
the  fusion  of  the  discontinuous  rill  guUies  during 
the  following  snowmelt  flows.  Because  the 
checks  forced  the  flows  to  spread  out,  soil  was 
deposited  upstream  from  the  checks,  and  the 
rills  decreased  in  size. 

Soil  volumes  moved  during  construction 
and  costs  of  installation  are  shown  in  table  2. 
The  volumes  moved  per  linear  foot  of  waterway 
must  be  considered  in  terms  of  the  total  width 
of  the  disturbed  area.  Since  the  average  width 


Figure  4. — Burlap  checks  were 
installed  to  spread  concen- 
trated flows  and  to  prevent 
the  fusion  of  discontinuous 
rill  gullies.  Photo  taken 
on  waterway  No.  6,  Septem- 
ber 2,  1964. 


Relation  of 
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to  installation 
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of  the  disturbed  area  for  all  waterways  was 
75  feet,  only  an  average  of  0.83  cubic  foot  of 
soil  was  moved  per  square  foot  of  waterway 
surface.  The  average  cost  of  $0.49  for  the 
movement  of  1  cubic  yard  of  soil  appears  to  be 
very  low  when  this  cost  is  considered  in  the 
light  of  the  relatively  small  total  volumes. 


Results 

During  the  first  year  of  establishment,  the 
majority  of  the  plants  on  the  waterways  were 
annual  and  biennials  such  as  ryegrass  and 
sweetclover,  respectively,  and  thus  did  not  meet 
the  requirements  for  a  permanent  plant  cover. 
Plants  that  invaded  from  the  surrounding  areas 
plus  those  preserved  in  the  topsoil  added  to 
the  cover  and  furnished  a  great  variety  of 
species;  a  total  of  31  was  counted.  Yet,  in  spite 
of  the  great  number  of  species,  the  plant  cover 
was  sparse. 

To  foster  the  growth  of  perennial  grasses, 
the  waterways  were  fertilized  with  ammonium 
phosphate  (13-39-0)  at  a  rate  of  110  pounds 
per  acre  and  triple  superphosphate  at  a  rate  of 
60  pounds  per  acre.  It  was  hoped  that  these 
rates  would  offset  the  phosphate  deficiency  for 
grasses  such  as  smooth  brome  and  intermediate 
wheatgrass,  indicated  by  soil  analysis.  The 
fertilizers  were  broadcast.  A  harrow,  drawn  by 
a  team  of  horses,  scarified  the  ground  surface 
and  covered  most  of  the  fertilizer. 

A  survey  of  waterways  at  the  end  of  the 
third  growing  season  after  treatment,  September 
1965,  revealed  that  the  dominant  plant  species 
were  smooth  brome  and  intermediate  wheat- 
grass.  These  species  did  not  permit  the  occur- 
rence of  rills  during  the  last  year  of  treatment. 
Litter  accumulated  on  the  ground  surface,  and 
ryegrass  and  other  herbaceous  nongrass  species 
had  practically  disappeared.  The  vegetation  was 
judged  as  dense. 

A  total  of  14  cloudburst  storms  fell  on  the 
waterways  during  the  period  of  investigation. 
Greatest  storm  intensity  was  1.9  inches  per 
hour  for  a  period  of  5  minutes;  largest  total 
volumes  was  0.74  inch.  This  storm  occurred 
during  the  second  growing  season  after  con- 
struction. The  largest  peak  flow  caused  by 
cloudbursts  took  place  during  the  first  growing 
season  after  treatment,  on  August  20,  1963.  It 
was  recorded  by  the  crest  gage  of  waterway 
No.  16  which  indicated  a  depth  of  flow  of  0.2 
foot.    It  was  estimated  that  the  peak  carried 


about  2  c.f.s.  Runoff  from  the  high-intensity 
storms  caused  some  rills  on  the  waterways 
during  the  first  2  growing  seasons,  but  their 
depth  did  not  exceed  0.1  foot. 

Abnormally  extended  spring  melt  seasons 
had  much  greater  impact  on  the  waterways  than 
did  the  summer  storms.  Snowmelt  in  1964 
and  1965  lasted  6  and  7  weeks,  respectively. 
During  these  periods  the  meltwater  was  flowing 
nearly  continuously,  and  the  surface  soils  were 
saturated.  Small,  discontinuous  gullies  occurred 
during  the  first  snowmelt  after  treatment,  but 
were  controlled  and  healed  by  the  installation 
of  burlap  checks. 

During  September  1965,  all  waterways  and 
untreated  gullies  were  resurveyed  and  the 
volumes  of  erosion  and  deposition  calculated 
(table  3).  All  water  courses  experienced  net 
erosion  except  No.  6,  where  total  deposition 
was  larger  than  total  erosion.  This  seemed 
surprising  since  soil  disturbance  was  extensive 
during  construction,  and  subsequent  vegetation 
cover  of  this  waterway  was  too  weak  for  2 
growing  seasons  after  treatment  to  resist  erosion 
effectively.  It  was  explained,  however,  by  an 
extensive  erosion  area  above  the  waterway. 
Surface  runoff  from  this  area  was  heavily  loaded 
with  sediment  that  could  not  be  carried  through 
the  waterway,  because  the  latter  represents  an 
inefficient  channel  for  the  conveyance  of  water 
and  sediment. 

A  comparison  of  the  net  erosion  volumes 
of  the  individual  waterways  with  those  of  the 
nearby  untreated  gullies  shows  that  less  material 
was  eroded  from  the  waterways  in  each  case 
(table  3).  This  was  consistently  true  if  the 
volumes  were  compared  in  terms  of  soil  removal 
per  linear  foot  of  watercourse,  or  in  inches 
depth  on  the  entire  drainage  area.  Average 
soil  loss  from  the  treated  watersheds  was  only 
5  percent  of  that  from  the  untreated. 

Since  cost  figures  for  check  dams  were  avail- 
able for  the  same  years  at  other  gullies  on 
Alkali  Creek  watershed  (Heede  1966),  a  compari- 
son was  made  between  check  dams  and  water- 
ways. It  showed  that,  for  the  control  of  1 
Unear  foot  of  gully,  $1.26  was  expended  for 
the  construction  and  maintenance  of  waterways 
and  $1.37  for  check  dams.  The  difference  of 
8  percent  is  not  significant.  Far  more  impor- 
tant, however,  is  the  fact  that  19  percent  of  the 
original  cost  of  installation  was  expended  for 
the  maintenance  of  waterways  (table  2),  while 
only  4  percent  was  required  at  the  check  dams. 
This  difference  in  required  intensity  of  main- 
tenance may  be  important  for  the  practitioner. 
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Discussion 

This  study  constituted  an  empirical  approach 
to  the  conversion  of  gullies  to  vegetation-lined 
waterways.  Most  design  and  construction 
specifications  could  be  stated  in  qualitative  terms 
only,  due  to  lack  of  knowledge  about  factors 
basic  to  erosion  such  as:  required  density  of 
the  vegetation  cover  with  a  given  composition, 
located  on  a  specific  slope  and  a  given  soil 
type;  permissible  degree  of  curvature  for  bends 
of  vegetation-lined  waterways  with  steep 
gradients;  permissible  values  of  resistance  to 
flow  in  waterways  with  steep  gradients  before 
establishment  of  vegetation;  and  effective  plant 
species  in  slope  erosion  control  which  require 
short  periods  of  establishment  under  given 
climate,  soils,  and  topographic  conditions.  Once 
knowledge  of  these  waterflow-soil-vegetation 
relations  has  been  increased,  design  specifica- 
tions can  be  strengthened,  and  limits  of  applica- 
bility of  waterways  established. 

These  field  investigations  should  be  re- 
garded, therefore,  as  a  first  approach  to  studies 
of  waterways  on  mountain  slopes.   They  did 


not  yield  specific  solutions  to  important  prob- 
lems in  the  flow-soil-vegetation  relations.  Its 
main  merit  is  to  have  demonstrated  that,  under 
the  prevailing  conditions,  gullies  on  mountain 
slopes  can  be  successfully  converted  to  vege- 
tation-lined waterways  (fig.  5).  This  was  illus- 
trated by  the  facts  that: 

1.  A  permanent  plant  cover  was  established 
which  prevented  further  rilling  of  the  ground 
surface. 

2.  Maintenance  was  not  required  during  the 
last  year  of  study,  and 

3.  Per  linear  foot  of  watercourse,  the  waterways 
lost  an  average  of  91  percent  less  soil  than 
the  untreated  gullies. 

At  the  present  state  of  knowledge,  it  is 
not  advisable  to  construct  extensive  waterways 
on  sites  not  comparable  to  Alkali  Creek  water- 
shed. Land  managers  should  test  this  method 
further  on  an  experimental  basis  where  intensive 
design  and  close  supervision  are  available.  The 
prime  requisites  for  a  successful  application- 
precipitation,  temperature,  and  fertility  of  soils 
favorable  to  plant  growth— will  decisively  in- 
fluence the  quality  of  the  future  vegetation 


Figure  5. — Upstream  view  of  waterway  No.  6^  4  growing  seasons 
after  construction.  The  former  gully  was  located  at  the 
edge  of  the  oakbrush  on  the  left.  The  thalweg  of  the  water- 
way is  to  the  right  of  the  man.  Photo  taken  September  13 ^ 
1965. 


cover  which,  in  turn,  will  determine  the  lon- 
gevity of  the  waterways.  Another  important 
aspect  of  design  is  the  selection  of  gullies 
suitable  to  this  treatment,  which  should  be 
determined  by: 

1.  Size  of  gully  relative  to  available  fill  volumes; 

2.  Width  of  valley  bottom  or  depression  for 
placement  of  waterway; 

3.  Depth  of  soil  mantle  for  shaping  of  the 
topography;  and 

4.  Depth  of  topsoil  for  later  spreading  on  all 
disturbed  areas. 

Most  importantly,  additional  studies  should 
not  only  test  the  method  under  various  condi- 
tions, but  above  all,  should  consider  the  basic 
relations  discussed  above. 
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COMMON  AND  BOTANICAL  NAMES  OF  PLANTS  MENTIONED 


Bluegrass,  Kentucky 

Brome,  smooth 

Oakbrush 

Ryegrass 

Sagebrush 

Serviceberry 

Snowberry 

Sweetclover,  yellow 
Wheatgrass,  intermediate 
Wheatgrass,  western 


Poa  pratensis  L. 

Bromus  -inermis  Leyss. 

Quercus  gambelii  Nutt. 

LoZiim  sp.    (annual  variety) 

Artemisia  spp. 

Amelanchier  spp. 

Symphoricarpos  spp. 

Melilotus  officinalis  (L.)  Lam. 

Agropyron  intermedium  (Host)  Beauv 

Agropyron  smithii  Rydb. 


Agricultare  —  CSU,  Ft  Coffins 
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